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I In nt tr ro od du uc ct ti io on n
Cognitive deficits are common in Parkinson disease (PD), even in early stages and in newly diagnosed cases [1] [2] [3] [4] . In many patients, these deficits may not be clinically apparent, but they are detectable with specific neuropsychological tests. According to Caviness et al., neuropsychological testing for abnormalities in nondemented patients could have predictive value for the potential development of dementia [5] . The most frequent early cognitive abnormalities in PD are executive and visuospatial dysfunction, attention and memory impairment, and bradyphrenia [6] [7] [8] [9] .
The prevalence of dementia in PD is estimated at a level of 24 to 31% [10, 11] , and longitudinal studies show a frequency as high as 60% after 12 years of follow-up [12] and even 83% in 20-year survivors [13] . With such high rates of cognitive decline, diagnostic methods and tests that could help in identifying PD patients at higher risk of developing dementia could be useful in planning patient management and treatment.
A number of risk factors for cognitive deterioration and dementia in PD patients have been identified, including the following: older age [11, 12, 14, 15] , later age at onset [4, 14] , longer duration of PD [12] , more advanced motor symptoms [15] and bradykinesiadominant PD with postural instability and gait difficulty [8, 15, 16] .
Recently, the positive role of education has been described in a number of studies; the data suggest that a more advanced educational level seems to be protective against cognitive dysfunction, while poorer education was associated with a faster rate of cognitive decline in nondemented patients with PD [2, 6, 11, 15, [17] [18] [19] .
The aim of this study was to assess the relationship between the level of education and cognitive performance in nondemented PD patients. [20, 21] . Moreover, the subjects with depression and advanced motor symptoms (UPDRS > 50) that impeded neuropsychological examination were also excluded from the study.
The patients were treated with the following: levodopa plus a peripheral levodopa-decarboxylase inhibitor (37 patients), a dopamine agonist (9 patients), amantadine (11 patients), an anticholinergic drug (7 patients) and an inhibitor of monoamine oxidase B (5 patients).
Neurologic examinations were conducted in all patients to confirm the diagnosis of PD. Additionally, magnetic resonance imaging (MRI) of the brain was performed for all patients. Those with severe ischaemic changes, defined as 3 points (white matter and/or basal ganglia) on the Age-Related White Matter Changes Scale, were excluded from the study [22] .
C Co on nt tr ro ol ls s
The control group consisted of 40 volunteers without any known neurological or vascular diseases, including cognitive impairment and depression.
To avoid including any subjects with detectable abnormalities of the nervous system all control persons with a lower risk of cognitive deterioration. We conclude that higher education might have protective effects in cognitive decline in PD.
K Ke ey y w wo or rd ds s: : Parkinson disease, cognitive impairment, educational level.
i grupê kontroln¹ z wykszta³ceniem wy¿szym, nie stwierdzono znamiennych statystycznie ró¿nic dla wyników ¿adnego z testów. W Wn ni io os sk ki i: : U osób z ChP bez otêpienia stwierdzono wystêpo-wanie niewielkiego stopnia, ³agodnych zaburzeñ poznawczych. Wy¿szy poziom wykszta³cenia zwi¹zany by³ z ni¿szym ryzykiem wyst¹pienia zaburzeñ, dlatego mo¿e byae czynnikiem ochronnym dla zaburzeñ poznawczych w ChP.
S S³ ³o ow wa a k kl lu uc cz zo ow we e: : choroba Parkinsona, zaburzenia poznawcze, poziom wykszta³cenia.
Educational level and cognitive impairment in PD patients underwent the same neuropsychological assessment process as PD patients.
E Et th hi ic ca al l r re eq qu ui ir re em me en nt ts s Written informed consent was obtained from all subjects after the nature of the study was fully explained. The study was approved by the local Ethics Committee of the University of Medical Sciences in Poznan, Poland.
N Ne eu ur ro op ps sy yc ch ho ol lo og gi ic ca al l a as ss se es ss sm me en nt t
We used the MMSE for the assessment of global cognitive functioning, as well as the Hamilton Depression Rating Scale (HDRS), to avoid any confounding presence of depression in the study [23] . The HDRS is recommended in screening for depression in PD, and, according to Schrag et [29] , for letters 'k', 'm', 'p'
(an adaptation for Polish language according to Daniluk [30] ). Overall, 12 cognitive measures were included in statistical analyses: time and numbers of errors in parts A and B of TMT, time and number of errors in both parts of the Stroop test, number of correct responses in MRT (from 0 to 5), and number of words for the letters 'k', 'm' and 'p' in the Verbal Fluency Test in one minute. Due to the lack of normative data for Polish versions of tests assessing executive functions, the results of neuropsychological tests of PD patients were compared with the results of healthy controls. The groups were matched for age and educational levels.
E Ed du uc ca at ti io on n
The level of education of the patients and controls was self-reported during the demographic interview and classified for the purpose of this study by the years of education. Patients and controls were divided into 3 groups: low (primary or vocational education: 7-11 years of education), intermediate (secondary education: 12-13 years) or higher educational level (university education: 14-17 years).
S St ta at ti is st ti ic ca al l a an na al ly ys si is s
The distributions of continuous variables were evaluated using the Kolmogorov and Smirnov method. For each variable with a normal distribution, we calculated the mean value and standard deviation (SD) and applied unpaired t-tests.
Data with non-normal distributions are provided as geometric mean and 1 SD range. The Mann-Whitney test and Kruskal-Wallis H-test were used for these variables to assess statistically significant differences between the groups. The pre-established level of significance was two-tailed at p < 0.05.
R Re es su ul lt ts s
S St tu ud dy y p po op pu ul la at ti io on n Thirty-seven subjects with PD and 40 controls were enrolled for the study.
Clinical and demographic characteristics of the examined subjects are shown in Table 1 .
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Educational level and cognitive impairment in PD patients
The PD and control groups did not differ significantly in terms of age, education and MMSE score. There were some disproportions in gender between groups; however, we did not find any differences between males and females in terms of neuropsychological tests within the education groups.
R Re es su ul lt ts s o of f n ne eu ur ro op ps sy yc ch ho ol lo og gi ic ca al l t te es st ts s i in n P PD D p pa at ti ie en nt ts s Significant differences were found on the basis of educational level for the majority of tests, with the exception of the number of correct responses for the MRT. In relation to PD patients at the higher educational level, the poorer-educated (low and intermediate level) patients completed the tests more slowly and made more errors ( Table 2) .
R Re es su ul lt ts s o of f n ne eu ur ro op ps sy yc ch ho ol lo og gi ic ca al l t te es st ts s i in n c co on nt tr ro ol ls s Significant differences were found in terms of educational level (the lowest educational level was correlated with poorer performance on 4 measures), time of TMT A, time of TMT B, time of Stroop A, and numbers of errors in TMT B (Table 3) .
C Co om mp pa ar ri is so on ns s b be et tw we ee en n P PD D p pa at ti ie en nt ts s a an nd d c co on nt tr ro ol l s su ub bj je ec ct ts s Significant differences were found between PD patients and controls. In comparison to healthy persons, the PD patients without dementia showed worse results on neuropsychological tests that assessed executive functions for 10 evaluated measures. In addition, PD ( (1 10 patients' responses were slower and exhibited more errors ( Table 4 ). The less-educated (low and intermediate level) PD patients, compared with less-educated controls, displayed worse results for most of the psychological tests. In contrast to the lower education groups, there were no significant differences between test results of higher-educated PD patients and highereducated controls (Table 5 ).
D Di is sc cu us ss si io on n
Our study shows that PD patients who did not fulfil standard criteria for dementia had specific cognitive deficits in terms of visuospatial working memory, attention and verbal fluency when compared to age-and education-matched controls without PD. Similar results were obtained by other authors who compared patients at earlier stages of PD with healthy subjects, in terms of the onset of cognitive disorders [1, 4, 7, 9] . However, these studies found no significant differences between groups with respect to education. In our study, the analysis of the effect of education on cognitive performance for the PD group demonstrated that higher-educated subjects performed best on most tests, and those with shorter education periods performed worse. Similar effects were also noticeable in subjects without PD. According to Spreen et al. [29] , the poor education of the general, healthy population may particularly account for the results of the TMT and Stroop tests. In our study, the time taken to complete the tests differed significantly, not only in PD patients but also in control groups. However, in the group of PD patients, the negative influence of poorer education was clearly stronger. Significant differences between education groups are apparent for the results of most tests (11 of 12 measures) performed by PD patients. In the controls, significance was achieved between education groups in only 4 out of 12 measures (time TMT A, time TMT B, time Stroop A, numbers of errors in TMT B) ( Table 2) .
Lower-educated PD patients (low and intermediate educational level) performed worse on psychological tests compared with lower-educated controls (respectively, for 7 and 9 measures). The finding that there were no significant differences in terms of test results between higher-educated PD persons and higher-educated controls, however, suggests that more advanced education may foster a protective effect against early cognitive decline in PD. The positive effect of a higher educational level has also been described by Cohen et al. [17] , who compared PD patients based on education level and reported better cognitive performance among highereducated patients, especially for tests assessing executive functions. A similar relationship was also affirmed by Kandiah et al. [2] in a de novo PD group, as well as by Green et al. [6] in patients with advanced PD. In another study targeting the lower educational level, more severe disease states (as assessed by UPDRS total score) and older age at disease onset were the prominent risk factors for dementia [18] . Additionally, in a meta-analysis that included 13 longitudinal studies, lower educational levels have been found to be associated with a greater rate of cognitive decline in PD patients [19] . From a theoretical point of view, better-educated persons may have greater cognitive reserves, which could be a protective factor against cognitive decline, especially in the early phases of the disease. Cognitive and brain reserves are hypothetical constructs that are suggested to occur in patients with Alzheimer disease [31, 32] . However, the cognitive reserve theory may, to some extent, help to explain the results of our study. According to Stern [31] , cognitive reserve could be defined as 'individual differences in how people process tasks, allowing some to cope better than others with brain pathology'. According to the same hypothesis, such a reserve theory focuses on the process that allows individuals to sustain brain damage and maintain function. In the cognitive reserve construct, the are two main components: (a) neural reserve: assuming that brain networks are more efficient and have greater capacity or are more flexible in persons with greater reserve, greater neural reserve would equate to a larger capacity to cope with the disruption imposed by brain pathology; and (b) neural compensation, which Stern defined as 'inter-individual variability in the ability to compensate for the pathological disruption of standard processing networks by using brain structures or networks not normally used by individuals with an intact brain' [31] . Whether one, or both, of these mechanisms is involved in the protective effect of education, and whether the mechanism is influenced by working in more intellectually demanding professions, are still open questions.
Recently, it was shown that vascular risk factors, along with white matter abnormalities, probably do not contribute significantly to cognitive impairment in PD patients, with the exception of PD patients with severe cerebral ischaemic lesions [33, 34] . Therefore, it is possible that pathomechanisms of cognitive decline in PD could be different than in vascular dementia or Alzheimer disease [34, 35] . 4 41 Educational level and cognitive impairment in PD patients C Co on nc cl lu us si io on ns s 1. It seems probable that educational achievements may positively affect the cognitive performance after the onset of PD. 2. Hypothetically, protective effects of higher levels of education, independent of dementia aetiology, may be due to greater functional brain reserves.
D Di is sc cl lo os su ur re e
Authors report no conflict of interest.
